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1
ELECTROSTATIC PROTECTION CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This imnvention relates to an electrostatic protection circuit
to prevent damage to a protected circuit due to electrostatic
discharge applied to an input/output terminal.

2. Description of the Related Art

In association with reduction 1n circuit voltages, differ-
ences 1n operating voltage may occur between internal
circuits, such as logic circuits, and interface circuits
exchanging signals with other circuits. For example, while
internal circuits operate on a signal voltage of 1.5V, interface
circuits operate on signal voltages of 3.3V and 2.5V. In
interface circuits, 1 order to operate at a signal voltage
higher than that of the internal circuit, the thickness of the
oxide film on the gates of the Metal Oxide Semiconductor
(MOS) transistors provided within the circuits 1s normally
made thicker m the interface circuits than in the internal
circuits. A plurality of oxide processes are required to
achieve this, and the manufacturing process becomes com-
plex, and costs increase.

On the other hand, electrostatic protection circuits are
normally provided to prevent damage to internal circuits due
to electrostatic discharge (ESD) occurring 1in semiconductor
integrated circuits when manufacturing LL.SIs and mounting
L.SIs on boards. These electrostatic protection circuits are a
type of interface circuit, and may operate at a higher signal
voltage than the mternal circuit.

FIG. 5 shows an example of the configuration of a
conventional electrostatic protection circuit. FIG. 5A 1s an
example 1 which an electrostatic protection circuit 1s com-
prised of a single N channel MOS transistor 301. As shown
in the figure, the drain of the N channel MOS transistor 301
1s connected to the connection point of the mput pad (1input
terminal) 1 and internal circuit 50. The N channel MOS
transistor 301 gate and source are both connected to the
GND terminal. From the point of view of reliability of the
MOS ftransistor, a signal voltage higher than the operating
voltage of the MOS transistor can generally not be 1nput in
this electrostatic protection circuit. For example, when the
operating voltage of the MOS ftransistor 1s 3.3V, and a 5.0V
signal 1s input, a potential difference o1 5.0V occurs between
the drain and gate of the N channel MOS transistor 301, and
the gate oxide film 1s stressed to a voltage of 5.0V. When the
operating voltage of the MOS ftransistor 1s 3.3V, the gate
oxide film 1s also compatible with 3.3V, and stressing to a
voltage of 5.0V will result 1n a dramatic loss of reliability.

The electrostatic protection circuit shown 1 FIG. 3B 1s
therefore generally employed when a signal voltage higher
than the operating voltage of the MOS transistor 1s input. In
the electrostatic protection circuit shown 1n FIG. 3B, the N
channel MOS transistors 302 and 303 are connected 1n
cascode configuration. The drain of the N channel MOS
transistor 302 1s connected to the connection point of the
input pad 1 and internal circuit 50, the gate 1s connected to
the power supply terminal (for example, 3.3V power sup-
ply), and the source 1s connected to the drain of the N
channel MOS ftransistor 303. Furthermore, the gate and
source of the N channel MOS ftransistor 303 are both
connected to the GND terminal.

In this electrostatic protection circuit, even if the operat-
ing voltage of the N channel MOS transistors 302 and 303
1s 3.3V, a 5.0V signal input 1s possible. When a 5.0V signal
1s mput to signal pad 1, the voltage stress applied to the
oxide film of the gate of the N channel MOS transistor 302
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1s 5.0V-3.3V=1.7V. Even when the signal voltage input to
the signal pad 1 varies between OV and 5.0V, the electric
potential between the drain and gate of the N channel MOS
transistor 302 does not exceed 3.3V. Furthermore, the drain
voltage of the N channel MOS transistor 303 1s a maximum

of 3.3V-Vt (Vt being the threshold voltage of the N channel
MOS transistor 302), and the electric potential between the
drain and gate of the N channel MOS transistor 303 does not
exceed 3.3V. Thus, in the electrostatic protection circuit
shown 1 FIG. 3B, reliability 1s not lost even 1f a signal
voltage higher than the MOS transistor operating voltage 1s
input.

However, 1in the circuit shown in FIG. 5B, a problem
exists 1n relation to discharge capacity. This point 1s
described 1n reference to FIG. 6. FIG. 6A 1s a cross-sectional
diagram showing the structure of the circuit example shown
in FIG. S5A. FIG. 6B 1s a cross-sectional diagram showing
the structure of the circuit example shown 1n FIG. 5B.

When ESD stress 1s applied to these circuits, current flows
to the GND terminal due to NPN bipolar operation. The
shorter the distance I between the N™ diffusion layers,
therefore, the better the bipolar performance, and the greater
the dlscharge capacity. Since the distance L shown 1n FIG.
6B 1s naturally longer that the distance L shown 1n FIG. 6 A
for reasons of structure, bipolar performance 1s low, and
discharge capacity 1s 1nevitably reduced. In 3.3V transistors
using 0.15 um CMOS technology, for example, the distance
L. 1s 0.1 um or greater. Thus, in the circuit shown 1n FIG. 5B
having the structure shown 1n FIG. 6B, the dimension W 1n

the depth direction of the page 1n FIG. 6B must be increased.

However, increasing the dimension W increases the para-
sitic capacitance C, and results 1n a loss 1n clarity of the
signal input to the mput pad 1, thus introducing a problem
in that high-speed operation 1s prevented. When the distance
L i FIG. 6B 1s equal to or greater than 1.0 um, parasitic
capacitance C becomes 2 pF or greater in order to ensure the
prescribed ESD resistance (for example, a resistance of
2000V or greater in tests using the Human Body Model). At
this parasitic capacitance, high-speed operation (GHz band)
1s 1mpossible.

Occurrence of the same problem 1s noted 1n the electro-
static protection circuit disclosed 1n U.S. Pat. No. 5,932,918
and 1n ‘ESD Protection for Mixed Voltage I/O Using NMOS
Transistors Stacked 1n Cascode Configuration’, Warren R.
Anderson and David B. Krakauer, EOS/ESD Symposium
08-54.

As described above, 1n the conventional electrostatic
protection circuit shown in FIG. SA, there was a problem in
that reliability was lost when a signal voltage higher than the
operating voltage of the internal circuit was input. Further-
more, as shown 1 FIG. 5B, there was a problem 1in the
conventional electrostatic protection circuit 1n that both a
high ESD resistance and a low parasitic capacitance com-
patible with high-speed circuit operation could not be

obtained simultaneously.

SUMMARY OF THE

INVENTION

According to one aspect of the present invention, there 1s
provided an electrostatic protection circuit to prevent dam-
age to a protected circuit due to electrostatic discharge
applied to an input/output terminal, comprising one or more
diodes connected 1n series and provided between a connec-
tion point of the mput/output terminal and the protected
circuit, and a GND terminal and a MOS transistor connected
to the diodes 1n series, and having an operating voltage
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lower than a signal voltage input from the input/output
terminal, wherein the diodes cause a voltage drop 1n normal
operation.

According to another aspect of the present invention,
there 1s provided an electrostatic protection circuit to prevent
damage to a protected circuit due to electrostatic discharge
applied to an mput/output terminal, comprising one or more
diodes connected 1n series and an N channel MOS transistor
of which drain 1s connected to the cathode of one end of the
diodes, of which source 1s connected to a GND termuinal, and
which has an operating voltage less than a signal voltage
input from the input/output terminal, wherein the anode of
the other end of the diodes, 1s connected to a connection
point of the mput/output terminal and the protected circuit
and wherein the diodes cause a voltage drop in normal
operation.

According to another aspect of the present invention,
there 1s provided an electrostatic protection circuit to prevent
damage to a protected circuit due to electrostatic discharge
applied to an mput/output terminal, comprising a P channel
MOS transistor of which source 1s connected to a connection
point of the input/output terminal and the protected circuit
and one or more diodes connected in series, wherein the
anode of the end of the diodes, 1s connected to the drain of
the P channel MOS transistor, and the cathode of the other
end of the diodes 1s connected to the GND terminal, and
wherein the diodes cause a voltage drop 1n normal operation.

According to the present invention, an electrostatic pro-
tection circuit 1s provided 1n which reliability 1s not lost even
when a signal voltage higher than the operating voltage of
the internal circuit 1s 1nput, and both a high ESD resistance
and a low parasitic capacitance compatible with high-speed
circuit operation can be obtained simultaneously.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects, advantages and features of
the present mvention will be more apparent from the fol-
lowing description taken in conjunction with the accompa-
nying drawings, in which:

FIG. 1 shows a circuit block diagram of the electrostatic
protection circuit according to the present invention;

FIG. 2A to 2C show a circuit block diagram of the current
control circuit according to the present invention;

FIG. 3 shows a graph of the current-voltage characteris-
tics;

FIG. 4 shows a circuit block diagram of the current
control circuit according to the present invention;

FIGS. 5A and 5B show a circuit block diagram of the
conventional current control circuit; and

FIGS. 6 A and 6B show a circuit block diagram of the
conventional current control circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention will be now described herein with reference
to 1llustrative embodiments. Those skilled in the art waill
recognize that many alternative embodiments can be accom-
plished using the teachings of the present invention and that
the mvention 1s not limited to the embodiments illustrated
for explanatory purposed.

First Embodiment

The electrostatic protection circuit according to the first
embodiment of the present invention 1s shown 1n FIG. 1. As
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shown 1n the figure, the mput pad (input terminal) 1 1s
connected to the internal circuit 50, and the electrostatic
protection circuit 100 1s provided at the connection point.
The electrostatic protection circuit may be provided at the
connection point of the output pad (output terminal) and the
internal circuit 1n some cases. The mput terminal and/or the
output terminal are I/O terminals 1n this specification.

The electrostatic protection circuit 100 comprises a plu-
rality of diodes 2 and an N channel MOS transistor 3 in
series, the diodes 2 being provided close to the connection
point of the mput pad 1 and the internal circuit 50. Two
diodes are connected 1n series as the diode 2. The anode of
the diode at the connection point of the mput pad 1 and the
internal circuit 50 1s connected to the connection point, and
the cathode of the diode close to the N channel MOS
transistor 1s connected to the drain of the N channel MOS
transistor 3.

The source and gate of the N channel MOS transistor 3 are
connected to the GND terminal. This N channel MOS
transistor 3 operates at a voltage (power supply voltage) less
than the signal voltage and similar to that of the internal
circuit 50. For example, when the transistor in the internal
circuit 30 operates at 3.3V, the N channel MOS transistor 3
also operates at 3.3V, and therefore, the transistor in the
internal circuit 50 and the transistor in the electrostatic
protection circuit 100 can be manufactured with the same
process, eliminating the need to manufacture two or more
types of gate oxide film.

Since the N channel MOS transistor 3 operates at a
voltage less than the signal voltage input from the input pad
1, the signal voltage 1s dropped by the diode 2. Thus, 1nput
and output of a signal voltage higher than the operating
voltage (power supply voltage) 1s possible without applying
excess voltage (Vox) between the drain and gate of the N
channel MOS transistor 3. In other words, since a voltage
drop occurs due to the diode 2, the voltage between the drain
and source of the N channel MOS transistor 3 1s less than the
signal voltage.

A current control circuit 4 1s provided between the con-
nection point A between the diode 2 and the N channel MOS
transistor 3, and the GND terminal. Specifically, the current
control circuit 4 1s provided 1n parallel to the N channel
MOS transistor 3. By adjusting the current flowing in this
current control circuit 4 and the number of series connec-
tions 1n the diode 2, the voltage drop due to the diode 2 can
be set as desired. In other words, the electric potential at
point A can be set as desired.

In the embodiments of the present invention, the diode 2
1s comprised of two diodes connected 1n series, however, as
described above, the number of diodes 1s required to be
adjusted to obtain the prescribed value for electric potential
at point A. However, as the number of diodes connected 1n
series 1ncreases, excess voltage 1s developed when ESD
current flows due to the eflects of the parasitic resistance
component, and the internal circuit 1s readily damaged by
voltage. It 1s therefore desirable that the number of diodes be
minimized 1n consideration of signal voltage in normal
operation, and resistance of the internal circuit to voltage
damage. In the embodiments of the present invention, there-
fore, the number of diodes 1s restricted, and the current
control circuit 4 provided to ensure a voltage drop across the
diode 2 1n normal operation.

A configuration example of the current control circuit 4 1s
shown 1n FIG. 2. As shown 1in FIG. 2A, the current control
circuit 4 can be fundamentally comprised of a resistor, and
as shown 1n FIG. 2B, 1t can be comprised of an N channel
MOS transistor. In this case, the gate 1s connected to the
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power supply, and the source i1s connected to the GND
terminal. Furthermore, as shown in FIG. 2C, the current
control circuit 4 can also be comprised of a P channel MOS
transistor. In this case, the gate and drain are connected to
the GND terminal.

In the first embodiment of the present invention, the signal
voltage 1s dropped using the diode 2, however 1t 1s also
possible to provide a voltage drop using a resistance in place
of the diode 2. However, as shown 1n the current-voltage
characteristics 1 FIG. 3, while the current flowing in the
resistor R1 increases approprately in direct proportion to the
increase 1n voltage, almost no current flows in the diodes D1,
D2, and D3 up to a certain voltage, and when the certain
voltage 1s exceeded, current begins to tlow, and then rapidly
increases. Thus, the diode can ensure a voltage drop 1n
comparison to the resistor, and allows a ready flow of ESD
current at or above the certain voltage, and therefore a diode
1s employed as a voltage reduction means in the {first
embodiment of the present invention.

As described above, according to the electrostatic protec-
tion circuit 100 of the first embodiment of the present
invention, since voltage 1s dropped with the diode 2, the gate
oxide film of the N channel MOS transistor 3 needs only to
withstand voltage less than the signal voltage, and can
therefore be comprised of a thin gate oxide film. A gate oxide
film of the same thickness as that of the internal circuit 50
can therefore be used, and the manufacturing process can be
simplified. Furthermore, since the current control circuit 4 1s
provided 1n parallel to the N channel MOS transistor 3, the
voltage drop due to the diode 2 can be adjusted, and the drain
clectric potential of the N channel MOS ftransistor 3 can be
set as desired. Since the number of diodes 2 can be reduced,
particularly with the current control circuit 4, damage to the
internal circuit 50 due to ESD stress can be eflectively
reduced. According to the present mvention, a high ESD
resistance (1n tests using the Human Body Model) can be
obtained at voltages of 2000V or greater at a low parasitic
capacitance of 0.5 pF. A low parasitic capacitance 1s due to
the diode 2 and serial placement of the diffusion capaci-
tances of the N channel MOS transistor 3 and reduction of
the synthesized capacitance, and high ESD resistance 1s due
to elimination of connection 1n cascode configuration of N
channel MOS transistors, and maximization of bipolar per-
formance.

Second Embodiment

The electrostatic protection circuit 100 according to the
second embodiment has a P channel MOS transistor 5. The
source and gate of the P channel MOS ftransistor 5 are
connected to the connection point of the mnput pad 1 and the
internal circuit 50, and the drain 1s connected to the anode
of the diode 2 connected 1n series. The cathode of the diode
2 1s connected to the GND terminal.

The current control circuit 4 1s provided between the
connection point of the input pad 1 and the internal circuit
50, and the connection point A of the P channel MOS
transistor 5 and the diode 2. Specifically, the current control
circuit 4 1s provided in parallel with the P channel MOS
transistor 3.

In the electrostatic protection circuit 100 having this
configuration, when a signal voltage higher than the oper-
ating voltage of the P channel MOS ftransistor 5 1s input,
current tlows to the diode 2 via the current control circuit 4
connected 1n parallel to the P channel MOS transistor 5,
resulting 1n a voltage drop across the diode 2. As with the
first embodiment of the present invention, the voltage drop
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across the diode 2 can be set as desired by adjusting the
current tlowing in the current control circuit 4 and the
number of diodes 2. Thus, mput and output of signals of a
voltage higher than the operating voltage 1s possible without
applying an excess voltage (Vox) between the drain and gate
of the P channel MOS ftransistor 5.

As described above, according to the electrostatic protec-
tion circuit 100 of the second embodiment of the present
invention, since voltage 1s dropped with the diode 2, the gate
oxide film of the P channel MOS ftransistor 5 needs only to
withstand voltage less than the signal voltage, and can
therefore be comprised of a thin gate oxide film. A gate oxide
film of the same thickness as that of the internal circuit 50
can therefore be used, and the manufacturing process may be
simplified. Furthermore, since the current control circuit 4 1s
provided in parallel to the P channel MOS transistor 5, the
voltage drop due to the diode 2 can be adjusted, and the drain
clectric potential of the P channel MOS transistor 5 can be
set as desired. In the second embodiment of the present
invention, a high ESD resistance (1in tests using the Human
Body Model) can be obtamned at voltages of 2000V or

greater at a low parasitic capacitance of 0.5 pF.

Other Embodiments

A plurality of N channel MOS transistors 3 and P channel
MOS ftransistors 3 may be connected 1n parallel in the
alore-mentioned electrostatic protection circuits.

It 1s apparent that the present invention 1s not limited to
the above embodiment and it may be modified and changed
without departing from the scope and spirit of the invention.

What 1s claimed 1s:

1. An electrostatic protection circuit to prevent damage to
a protected circuit due to electrostatic discharge applied to
an mput/output terminal, comprising:

one or more diodes connected in series and provided

between a connection point of the input/output terminal
and the protected circuit, and a ground (GND) terminal;

a MOS transistor connected to the diodes 1n series, and

having an operating voltage lower than a signal voltage
input from the mmput/output terminal; and

a current control circuit which 1s formed at a connection

point of the diodes and the MOS ftransistor and in
parallel with the MOS transistor, and controls an elec-
tric potential at said connection point of the diodes and
the MOS transistor,

wherein the diodes cause a voltage drop.

2. The electrostatic protection circuit according to claim
1, wherein said MOS transistor 1s formed between said
ground terminal and said diodes.

3. The electrostatic protection circuit according to claim
1, wherein said current control circuit comprises a resistor.

4. The electrostatic protection circuit according to claim
1, wherein said current control circuit comprises an N
channel MOS transistor having a gate which 1s connected to
a power supply, and a source which 1s connected to a ground
terminal.

5. The electrostatic protection circuit according to claim
1, wherein said current control circuit comprises a P channel
MOS transistor having a gate and drain which are connected
to a ground terminal.

6. The electrostatic protection circuit according to claim
1, wherein said MOS ftransistor includes a gate which 1s
connected to the ground terminal.

7. The electrostatic protection circuit according to claim
1, wherein said protected circuit comprises an MOS tran-
sistor with a gate oxide film having a thickness which 1s no
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greater than a thickness of a gate oxide film of said MOS
transistor connected to said diodes 1n series.
8. The electrostatic protection circuit according to claim
1, wherein said MOS transistor comprises a plurality of
MOS transistors connected 1n parallel.
9. The electrostatic protection circuit according to claim
1, wherein said voltage drop 1s such that a voltage between
a source and drain of said MOS ftransistor 1s less than said
signal voltage.
10. The electrostatic protection circuit according to claim
1, wherein the diodes cause said voltage drop in normal
operation.
11. An electrostatic protection circuit to prevent damage
to a protected circuit due to electrostatic discharge applied to
an mput/output terminal, comprising;:
one or more diodes connected 1n series;
an N channel MOS transistor including a drain which 1s
connected to the cathode of one end of the diodes, and
a source which 1s connected to a ground terminal, and
which has an operating voltage less than a signal
voltage mput from the mput/output terminal; and
a current control circuit which 1s formed at a connection
pomnt of the diodes and the MOS transistor and in
parallel with the MOS transistor, and controls an elec-
tric potential at a connection point of the diodes and the
MOS transistor,

wherein the anode of the other end of the diodes, 1s
connected to a connection point of the input/output
terminal and the protected circuit, and

wherein the diodes cause a voltage drop.

12. The electrostatic protection circuit according to claim
11, wherein said current control circuit controls the electric
potential of the drain of the N channel MOS transistor.

13. The electrostatic protection circuit according to claim
12, wherein the current control circuit 1s provided between
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the connection point of the diodes and the N channel MOS
transistor, and the GND terminal.

14. An electrostatic protection circuit to prevent damage
to a protected circuit due to electrostatic discharge applied to
an mput/output terminal, comprising:

a P channel MOS ftransistor having a source which 1s

connected to a connection point of the input/output
terminal and the protected circuit;

one or more diodes connected 1n series; and

a current control circuit which 1s formed at a connection
point of the diodes and the MOS transistor and in
parallel with the MOS transistor, and controls an elec-
tric potential at said connection point of the diodes and
the MOS transistor,

wherein the anode of the end of the diodes, 1s connected
to the drain of the P channel MOS transistor, and the
cathode of the other end of the diodes 1s connected to
the ground (GND) terminal; and

wherein the diodes cause a voltage drop.

15. The electrostatic protection circuit according to claim
14, wherein said current control circuit controls the electric
potential of the drain of the P channel MOS transistor.

16. The electrostatic protection circuit according to claim
15, wherein the current control circuit 1s provided between
the connection point of the mput/output terminal and the

protected circuit, and the connection point of the P channel
MOS transistor and the diodes.

17. The electrostatic protection circuit according to claim
14, wherein said MOS transistor includes a gate which 1s
connected to the connection point of the mput/output ter-
minal and the protected circuit.
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